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MULTIPLE STAGE OPTICAL SYSTEM FOR
CREATING HIGH-INTENSITY SOLAR LIGHT
BEAM

This application is a continuation-in-part of my co-
pending U.S. patent application Ser. No. 880,764, filed
Feb. 24, 1978, now U.S. Pat. No. 4,183,612.;

BACKGROUND OF THE INVENTION

The present invention relates generally to optical
concentrators and, more particularly, to such a multiple
stage optical system especially for creating a hzgh inten-
sity solar light beam. |

The well-known technique of concentratmg solar
radiatton into a small area to generate heat has been in
existence since the invention of the lens itself. Recently,
optical devices, such as large concave mirrors, fresnel
lenses, and elongated concave reflectors, have been
used as optical collectors, but these all focus sunlight
onto a working surface which is at a fixed distance from
the respective collector. In other words, the greatest
concentration of optical energy takes place only at the
focus, and the working distance is therefore highly
limited. If the working surface is located out of the focal
plane either toward or away from the collector, the
photon intensity on this surface will not be at its maxi-
mum and, consequently, neither will be the heat flux.

A major advantage of the present invention is that
when aimed at the sun, it emits a laser-like output beam
(hereafter beam) of concentrated solar radiation which
allows the working distance to vary over a fairly large
range, 1.e. the concentrated radiation is maintained for a
much longer distance compared with conventional
means of focusing sunlight. A small mirror could be
placed in the path of the beam to aim it in a desired
direction.

‘The beam has a very small amount of divergence, the
amount of which is comparable to common lasers.
Therefore, it can be used to “cut” or “bore,” e.g. by
burning or melting action, into materials much thicker
than when using conventional methods of solar concen-
tration. The cutting ability of the beam depends-upon
the material to be cut, the intensity (photon flux) of the
beam, and the absorptivity of the working surface.

Another major advantage of the present optical sys-
tem 1s that when designed accordingly, it has the capa-
bility of receiving light from sources or objects other
than the sun while still forming a beam as described
above. The explanation for this phenomenon is best
given in the detailed description of the embodiment. In
most cases, however, beam intensity will not be as great
as when the sun is the light source.

Along with the above mentioned uses, the beam can
also be used for straight-line alignment provided its
intensity is low enough as not to cause surface damage.
A light source other than the sun could be used in this
respect. The varying of beam intensity shall be dis-
cussed in the detailed description of the embodiment.
Other solar beam uses pertain to any application requir-
Ing a high temperature in a small area, or anywhere else
where a parallel, narrow light bundle proves useful.

. When using a conventional solar collector such as a
lens, mirror, etc., a solar light beam of the nature de-
scribed in this dlsclosure cannot be formed by sunply
placing a colhmatmg lens near the focused solar i image.
This is due to the fact that the sun’s image, regardless of
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perfect point image, the latter being a common miscon-
ception. Since the sun’s image is not a point, the nearby
collimating lens will form a bundle of collimated light
which will diverge at a fairly rapid rate and could not
properly be considered a solid, parallel beam. Likewise,
a solar beam of the nature described in this disclosure
cannot be formed by placing a reflectance pinhole mask
at a solar image with a collimating lens placed closely
thereafter. The reason is that the pinhole will allow only
a relatively very small portion of light from the sun’s
image to pass through. In the latter case the resulting
beam will be essentially parallel since a pinhole aperture
1s used but the intensity will be comparatively low since
much of the sun’s image is being reflected away by the
mask around the pinhole. With the present invention, a
much larger amount of the light from the initial solar
image will be used to form the beam.

In the optical concentrator disclosed in the above
patent application, a single optical stage concentrates
input light in an intense output light beam. However,
certain inefficiencies may be encountered in such opti-
cal concentrator due to light waste from aberations and
diffraction, due to beam spread of the output beam
when the output pinhole is too large, and the like. For
minimum beam spread of the output beam it is desirable
that the size of the output pinhole cross-section be mini-
mized, say to 0.001 inch or less, but a practical optical
design of the optical elements may not permit formation
of a collimated bundle width smaller than 0.060 inch,
which will cause a large amount of light to be filtered
out of the solar image at the pinhole mask, thus reduc-
ing efficiency of the optical concentrator.

SUMMARY OF THE INVENTION

In the present invention the input light is concen-
trated in several stages before passing the pinhole mask
filter, thereby to increase the amount of light passing
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collector focal length, has a finite diameter and is nota

It is a primary object of the invention to increase the
efficiency of an optical concentrator, i.e. to increase the
ratio of the total amount of light contained in the output
light beam to the total amount of light collected from
the input objective lens, and especially to do so while
providing a high degree of collimation i.e. minimum
beam spread or divergence, of the output light beam.

It 1s also a primary object to concentrate electromag-
netic energy, such as light and, preferably, ordinary
solar radiation into a high-intensity light beam.

Another object is to form a high-intensity solar light
beam with the use of common, simple optical elements
which are relatively easy to manufacture, and, more
particularly to effect the same, using 2 minimum num-
ber of optical elements and combining them in a rela-
tively small volume and in multiple stages.

An additional object is to form a high-intensity solar
light beam using an optical system of common tele-
scope-like, cylindrical symmetry thus simplifying over-
all construction of housings, supporting members,
tracking drives, etc.

A further object is to form a high-intensity solar light
beam with an optical system which can be made capable
of varying the intensity and divergence of the beam.

Another principal object is to provide an optical

system fulfilling the above ob_]ectwes using a light
source other than the sum.

Briefly, in accordance with the Invention an objec-
tive lens gathers and focuses solar radiation to form a
solar image. Light from the solar image is passed
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through multiple “light pumping” stages, each of which
includes an input collimating lens, a fresnel-like reflec-
tor, a parabolic reflector, and possibly one or more
intermediate concentrating lenses. Light passing
through the input collimating lens becomes collimated
due to image and lens spacing. Since the solar image is
not a point but has a finite diameter, the collimated light
will diverge after passing through this second lens into
diverging collimated light bundles which are recetved
by a fresnel-like reflector located at a given distance
from the input collimating lens. This reflector, having a
plurality of flat, annular surfaces, bounces back the
collimated light bundles in such a way that they no
longer diverge but instead become parallel to the sys-
tem optical axis. The now parallel collimated bundles
strike a parabolic reflector after which they converge to
a near point image at the focus of the parabolic reflec-
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tor. Such image may serve as the light input to the next

stage of the optical concentrator. Moreover, at or proxi-
- mate such focus of the parabolic reflector in the last
stage of the optical concentrator, a reflective pinhole
aperture mask filters out from the concentrated image
erroneous light caused by aberations, diffraction, mis-
~ alignment, and other errors. The pinhole mask prefera-
bly is highly reflective to minimize heat build-up from
the concentrated light. The filtered light, still high in
intensity, passes out of the pinhole and begins to di-
verge. An output collimating lens, preferably placed
close to the pinhole, intercepts these diverging rays and
collimates them into an intense, parallel light bundle.
These and other objects and advantages of the pres-

20

25

30

ent invention will become more apparent as the follow-

ing description proceeds.
To the accomplishment of the foregmng and related
ends, the invention, then, comprises the features herein-

after fully described and particularly pointed out in the
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claims, the following description and annexed drawing

setting forth in detail a certain illustrative embodiment
of the invention, this being indicative, however, of but
one of the various ways in which the principles of the
invention may be employed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the annexed drawings:

FIG. 1 is a longitudinal, cross sectional view of an
optical concentrator system of the above patent applica-
tion; -

FIG. 2 is a face view of the fresnel-like reflector for
the system of FIG. 1 showing a series of flat, concentric,
stepped surfaces;

FIG. 3 is a front view of an aperture mask arrange-
ment on a rotatable carrier; |

FIG. 4 is a partial longitudinal, cross sectional view
of an alternate input collimating lens.

FIG. 5 is a longitudinal cross sectional view of a
multiple stage optical concentrator in accordance with
the present invention; and

FIG. 6 is a fragmentary enlarged view of the last
stage of the system of FIG. 3.

In all the figures, like numbers refer to like parts
throughout. |

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings and initially to FIG. 1,
for a discussion of the principles of the invention there
is shown an optical concentrator system 1 having an
optical axis 2 along which the various optical parts
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thereof are positioned in the usual centered and gener-
ally perpendicular relation. Although the system 1 can
be used with other light sources to form a concentrated
output beam 3, the sun, and particularly solar radiation
rays 4 therefrom will be used to facﬂltate understanding

of system operation.
An objective lens 10 receives solar radiation 4 to form
a focused image 11 of the sun at an image plane 12. The

objective lens 10 can be any positive lens capable of
forming a solar image but for best operation and effi-
ciency, the objective should be an achromat with a
correction for spherical aberation. A concave mirror
may be used as an objective if requirements dictate.
When a light source other than the sun is used, the
objective lens 10 may or may not be required depending
on the optical design of the light source and/or the size
of its image formed at plane 12.

Focused light from the objective 10 converges to
form the image 11 and begins to diverge immediately
beyond the plane 12. A positive input collimating lens
13 is placed at a distance F, one of its own focal length
distance, from the image 11 such that the diverging
light, when passing through lens 13, becomes colli-
mated. In other words, light from every focused point
on the image becomes a collimated or parallel bundle of

light 14 after passing through lens 13. Since there is an

infinite number of focused points on the image 11, there
is an infinite number of collimated light bundles 14. The
solar image 11 itself is not a point of condensed light but
instead has a finite diameter. Thus, from the optical
geometry, it can be seen that the collimated light bun-
dles 14 will diverge away from the optical axis 2. For a
given f-stop of the objective lens 10, the width W or
diameter of the light bundles 14 and their angle of di-
verging are both a function of the distance F. The
shorter the distance F is made, that is, the shorter the
focal length of lens 13, the narrower the bundle width
W and the larger the angle of divergence will be. Also,
for a constant distance F, the larger the solar image size,
the greater will be the angle of divergence from the
optical axis.

At some distance from lens 13, a fresnel-like reflector
15 intercepts the expanding collimated light bundles 14
and reflects them back towards a parabolic reflector 16.
Reflector 15 includes a series of flat, concentric, stepped
surfaces 17 (also shown in FIG. 3) extending from the
center area 18 to the outer margin 19. Each surface 17
is angled in such a way that when a collimated light
bundle 14 strikes it “on center,” the bundle will be re-
flected back as a reflected collimated bundle 20 in a
direction parallel to the optical axis 2. Since the stepped
surfaces are flat, the reflected light bundles 20 will re-
main collimated. It can be seen then that the entire
expanding locus of light bundles 14 no longer expands
but is made parallel after bouncing off of reflector 15. A
small opening 21 at the center of reflector 15 allows the
concentrated beam 3 to pass through. This opening 21
could be used as an aperture opening to help clean or
filter the beam 3 of any stray llght caused by imperfec-
tions in the output lens 32.

The parallel locus of colllmated hght bundles 20 1s
then bounced off parabolic reflector surface 22 and
brought to a focus at the pinhole 23 of a mask 24. Like
reflector 15, reflector 22 has an opening 25 at its center
to permit passage of input light 14 from the input colli-
mating lens 13. Moreover, the reflector 22 may include
a conventional support to mount the input collimating
lens 13 in the opening 25.
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Not all of the light bundles 20 will be exactly parallel
to the optical axis 2 because there are an infinite number
of bundles 14 bouncing off of reflector 1§ but only a
finite number of flat, stepped surfaces 17 thereon.
Therefore, when a light bundle 14 does not strike a flat
surface 17 directly in 1its center, it will not be reflected
exactly parallel to the optical axis 2. Consequently, after
bouncing off the parabolic reflector 22, the bundle 30
will come to a focus at some small distance from the
theoretical optical axis 2, i.e. it will not focus directly on
the pinhole 23. Thus, the total focused light at the pin-
hole 23 will not be an infinitesimal point but instead will
be a small disc of light whose photon density will be
greater at its center. The diameter d of this disc 1s of
importance here because the smaller it is, the greater
will be the amount of concentrated light passing
through the pinhole 23 and, therefore, the more effi-
cient will be the optical system 1 in forming the beam 3.
It has been found by ray tracing and applying the laws
of reflection that the disc diameter d 1s governed by
three independent design parameters, namely, the
stepped surface 17 width S, the light bundle 14 width
W, and the focal length of the parabolic reflector 22.

In analyzing the design criteria of the stepped surface
17, the bundle 14 width W and reflector 22 focal length
are to remain constant. The stepped surface 17 width S
is arbitrarily made larger than the bundle 14 width W
and the disc diameter d assumes a certain size. As the
surface 17 width S 1s reduced, the disc diameter d 1s also
reduced, but when the surface 17 width S is reduced
smaller than the bundle 14 width W, the disc diameter d
remains constant. In other words, there 1s no gain in
optical performance by designing the surface 17 width
S smaller than the light bundle 14 width W. Therefore,
the optimum design criterion of reflector 15 is reached
when the two widths, that S of the surface 17 and that
W of the bundle 14, are equal in size.

In analyzing the second parameter, the light bundle
14 width W, it 1s found that for a fixed focal length for

6

spot 26 i1s highly concentrated and the reflective mask
24 then acts as a filter in that the light which forms the

beam 3 is only that light which 1s made error-free by the
pinhole aperture 23.

Concentrated light passes through the pinhole 23 and
begins to diverge immediately thereafter. A positive
output collimating lens 32 is placed at a distance L, its

- focal length distance, from the pinhole 23 so that this
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reflector 22, the disc diameter d decreases as the bundle 40

14 width W is decreased.

In looking at the third parameter, the focal length of
reflector 22, the disc diameter d decreases as the focal
length of reflector 22 is decreased.

Accordingly, for any particular design of the present 45

optical system 1 it is desirable to minimize the light
bundle 14 width W and the reflector 22 focal length
while keeping the stepped surface 17 width S the same
as the light bundle 14 width W. The smaller the diame-
ter d of the disc, the greater will be the quantity of light
passing through the pinhole, especially very small pin-
holes of, for example, 0.001 inch diameter, and, thus, the
greater will be the total efficiency E of the optical con-
centrator system.

It is theoretically possible to make the dlameter d of
the disc small enough to pass through a given pinhole
23, but with optical errors such as aberation, diffraction,
etc., and with practical design limitations it is virtually
impossible in practice to produce a focus spot small
enough to pass entirely through a pinhole, especially
one of about 0.001 inch diameter. The pinhole 23 prefer-
ably has a mask 24 that is highly reflective on the side 25
facing the parabolic reflector 22, so that the optical
errors in the focus spot or area of concentration 26 at
the focal plane 31 of the reflector 22 at which the mask
24 1s located, are filtered by being reflected back into
the optical system 1 without producing an intense heat
build-up around the pinhole 23. The lLight at this focus
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diverging light 33, when passing through lens 32, be-
comes collimated to form a narrow beam 3. As the
distance L 1s made smaller, that 1s, the shorter the focal
length of lens 32 in any given design, the narrower and
more intense the beam 3 will be. Since the pinhole aper-
ture 23 1s very small compared to the distance L, the
beam divergence will be very small and the beam inten-
sity will remain relatively constant over a given length.
Thus, the light in beam 3 will be concentrated and very
near parallel to the optical axis 2. For greater beam
efficiency, the mask 24 and lens 32 preferably are
mounted between the reflectors 15 and 22, although

they may be positioned optically beyond the reflector
1S,

It 1s possible to provide a conventional means, such as
a rotatable carrier 35 with suitable open support struc-
ture, by which a number of masks 24 with pinholes 23 of
different diameters are interchangeably rotated into the
area of concentration 26. A smaller pinhole 23 diameter
will produce a beam 3 of smaller divergence but also
will reduce its intensity. A larger pinhole diameter will
produce a more intense beam 3 since more concentrated
light is passed but its amount of divergence is also
larger. The desired divergence and intensity of any
particular beam 3 will depend on the application or
requirement.

A positive lens 40 optionally may be used to help
direct light bundles 14 close to the optical axis 2 into the
pinhole aperture 23 since reflectors 15 and 22 have
non-usable center openings. Lens 40 is positioned
whereby the light bundles 14, after passing through it,
are brought to a focus at the pinhole 23 so that lens 40
effectively adds additional concentrated light to the
beam 3.

In' FIG. 4, a negative lens 41 is used as an alternate
input collimating lens for collimating the solar image
radiation from the objective lens 10. Lens 41 is posi-
tioned between the objective lens 10 and the image
plane 12 thereof such that converging light from the
objective 10 is collimated by passing through lens 41 to
form the collimated light bundles 14. The parameters
governing the light bundle 14 width W and its angle of
divergence from the optical axis 2 are the same as for
the positive input collimating lens 13.

Turning now to FIG. §, the multiple stage optional
concentrator system 101 of the present invention is
illustrated in detail. The system 101 embodies the above
described features in connection with the system 1; and,
therefore, the same reference numerals plus the value
one hundred designate parts in FIGS. 5 and 6 corre-
sponding to parts illustrated in FIGS. 1-4. Moreover,
sequential letter suffixes designate corresponding parts
in the several stages 101q, 1015, 101c, for example, of
the optical concentrator 101. Also, although the optical
concentrator 101 is illustrated and described in accor-
dance with the best made and preferred embodiment of
the invention using three stages, it will be appreciated
that fewer or more stages may be employed.

An objective lens 110 receives solar radiation 104 to
form a first focused image 111a of the sun at an image
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plane. Focused light from the objective 110 converges
to form the image and begins to diverge immediately
beyond the image plane. A positive input collimating
lens 113a at the input to the first concentrating stage
101q is placed at a distance F, one of its own focal
length distance, from the image plane such that the
diverging light, when passing through lens 113a, be-
comes collimated. In other words, light from every
focused point on the image becomes a collimated or
parallel bundle of light 114a after passing through lens
113a. Since there is an infinite number of focused points
on the image, there is an infinite number of collimated
light bundles 114a. The solar image itself is not a point
of condensed light but instead has a finite diameter.
Thus, from the optical geometry, it can be seen that the
collimated light bundles 114a will diverge away from
the optical axis 102. For a given f-stop of the objective
lens 110, the width W or diameter of the light bundles
114a and their angle of divergence are both a function
of the distance F. The shorter the distance F is made,
that is, the shorter the focal length of lens 113g, the

narrower the bundle width W and the larger the angle

of divergence will be. Also, for a constant distance F,
the larger the solar image size, the greater will be the
angle of divergence from the optical axis. -
At some distance from lens 1134, a fresnel-like reflec-
tor 115a intercepts the expanding collimated light bun-
dles 114a and reflects them back towards a parabolic
reflector 116a. Reflector 115¢ includes a series of flat,
concentric, stepped surfaces 117a like those shown in

4,277,129
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Turning to FIG. 6, an enlarged view of the output
stage 101c of the system 101 is illustrated in detail. The
output stage 1s similar to the other stages 101q, 1015, but
in addition contains a pinhole 123 in a mask 124 at,
proximate to or in the opening 121c.

Not all of the light bundles 120 will be exactly paral-

~ lel to the optical axis 102 because there are an infinite
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FIGS. 1 and 3. Each surface 117q is angled in such a

way that when a collimated light bundle 1144 strikes it
“on center,” the bundle will be reflected back as a re-
flected collimated bundle 120a in a direction parallel to
the optical axis 102.

The parallel locus of collimated light bundles 1204q is
then bounced off parabolic reflector surface 122z and
brought to a focus at or proximate a plane on focal
length F prior to an input collimating lens 1135 for the
second stage 1015 of the system 101. For convenience,
a small opening 121q at the center of reflector 1154
contains the input collimating lens 1135, This opening
121a could be used as an aperture opening to help clean
or filter the light beam impinging thereon of any stray
hght caused by imperfections in the optical system up-
stream thereof. The reflector 1224 also has an opening
125a at its center to permit passage of input light from
the input collimating lens 1134, which preferably is
mounted in the opening 1254. Moreover, the parabolic
reflector 1160 of the adjacent second concentrating
stage 1015 preferably is placed back to back with the
fresnel-like reflector 115a. The openings 121a, 1255, are
aligned, and the collimating lens 1136 is mounted in
such openings, for example, sandwiched between the
two reflectors, as is seen more clearly at lens 113¢ in
FIG. 6. -

A positive lens 140a preferably is used to help direct
light bundles close to the optical axis 102 into the open-
ing 121a since reflectors 1154 and 122 have non-usable
center openings. Lens 140a is positioned whereby the
light bundles, after passing through it, are brought to a
focus one focal length F upstream of input collimating
lens 1136 so that lens 1404 effectively adds additional
concentrated light to the beam impinging on the latter.

Preferably, each of the multiple stages of the optical
system 101 is the same, including, for example, an input
collimating lens 113, a fresnel-like reflector 115, a para-
bolic reflector 116, and a positive lens 140.
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number of bundles bouncing off reflector 115¢ but only
a finite number of flat, stepped surfaces 117¢ thereon.
Therefore, when a light bundle does not strike a flat
surface 117¢ directly in its center, it will not be reflected
exactly parallel to the optical axis 102. Consequently,
after bouncing off the parabolic reflector 122¢, the bun-
dle will come to a focus at some small distance from the
theoretical optical axis 102, i.e. it will not focus directly
on the pinhole 123. Thus, the total focused light at the
pinhole 23 will not be an infinitesimal point but instead
a small disc of light, the fourth solar image 1114, for
example, whose photon density will be greatest at its
center. Moreover, due to the light pumping and/or
light concentrating effect of the plural stages of the
optical system, the concentrated intensity of the light at
the fourth solar image 1114, at the area of concentration
126¢, and particularly at the center thereof, will be
appreciably greater than that, for example, at the sev-
eral upstream solar images at the inputs to their respec-
tive input collimating lenses 113. The foregoing, of
course, is true because there is no pinhole-mask filtering
of the several upstream solar images, which would
reduce the total transmitted light. So the several stages,
101a and 10156 for example, provide to the third stage
101c a highly concentrated, intensive light input of
extremely accurate definition. Therefore, the amount of
light filtered by the mask 124 will be minimized.

Concentrated light passes through a pinhole 123 and
begins to diverge immediately thereafter. The positive
output collimating lens 132 is placed at a distance L, its
focal length distance, from the pinhole 123 to form a
narrow collimated beam 103.

In general, it has been discovered that the efficiency
E of the optical system 101 will increase as the number
of stages is increased. In particular, if D, is the diameter
of the pinhole 123, Dgis the diameter of the disc of light,
e.g. of the fourth solar image, and n is the number of

“stages, the efficiency E of the optical system 101 will

vary according to -

| Dp
“("55")

It will, of course, be appreciated that the several
optical elements of FIGS. 3 and 4 may be used in the
system 101, that the exemplary alternate lens 32, pinhole
23, and mask 24 placement of FIG. 1 also may be em-
ployed in the system 101, and that the several elements
of the invention may be replaced by one or more func-
tionally equivalent elements. For example, the fresnel-
like reflector 115 may be replaced by a fresnel-like lens
and/or the parabolic reflector 122 by a functionally
equivalent lens. These and the other lenses may be re-
placed by functionally equivalent lenses, reflectors or
combinations thereof. Masks other than the pinhole
aperture 123 mask 124 may be employed. Moreover,
although the optical axis 102 is preferably a straight line,
it can be bent or folded one or more times, as desired.
Also various types of housings 150 may be used to hold
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the several optical elements in position, for example, as

is 1llustrated in the drawings. The foregoing variations
are within the spirit and scope of the invention.
I claim: - - -

- 1. A multiple stage optical concentrator comprlsmg

plural optically aligned concentrating stages, each in-

cluding input means for delivering a plurality of rela-

tively diverging collimated light bundles, and converg-
ing means for converging said plurality of diverging
collimated light bundles and each of the same to an area
of concentration; and

output means for substanually colhmatmg llght from

4,277,129
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10. The concentrator of claim 8, wherein said fresnel-
like reflector of one concentrating stage and said para-
bolic- reflector of an adjacent concentrating stage are
positioned back to back, and said input means comprises

~collimating lens means positioned between said reflec-

tors for forming such relatively diverging collimated

'light bundles.

11. The concentrator of claim 7, each concentrating

~ stage further comprlsmg concentratmg means for di-

10

recting light passing through said opening in said para-

- bolic reflector and substantially paralleling such optical
- axis toward such output means.

said area of concentration at the last of said concen-

trating stages to form a relatively concentrated,
substantially collimated output beam. |
2. The concentrator of claim 1, wherein said input
means of the first concentratmg stage comprises an
objective lens.

3. The concentrator of claim 2, wherein said lnpllt

means further comprises a negative collimating lens-
positioned between said ob_;ectwe lens and the focal'

plane of the latter. | |
4. The concentrator of claim 1, wherein sald input

means is positioned to receive solar radiation, and

wherein said input means includes means for forming

from such solar radiation such relatwely dwergmg col-

limated light bundles.

15
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5. The concentrator of claim 1, wherein said converg-

ing means comprises a fresnel-like reflector.

6. The concentrator of claim §, wherein said converg-
ing means further comprises a parabolic reflector, said
fresnel-like reflector being positioned with respect to

said input means to direct such relatively diverging

collimated light bundles in parallel paths toward said
parabohc reflector, and wherein said parabolic reflector

is positioned relative to said fresnel-like reflector to

concentrate such light bundles received therefrom at an
area of concentration.

7. The concentrator of claim 6, wherein both 0f said
reflectors are aligned on a common optical axis and
both have substantlally centrally located openings
therethrough, said opening in said parabolic reflector

30

12. The concentrator of claim 7, wherein said output
means Comprises aperture means positioned at said area

of concentration for passing only a portion of the light
thereat.

13. The concentrator of claim 12, wherein said output

'm_eans further comprises output collimating lens means
for substantially collimating light passing through said
aperture means.

14. The concenti'ator of claim 12, wherein said aper-

“ture means further comprises mask means for blocking

light not passed by said aperture means and reflective
coating means on the input side of such mask means for
reflecting light not passed by said aperture means.

15. The concentrator of claim 1, wherein said con-
verging means comprises a parabolic reflector.

16. The concentrator of claim 1, wherein said output
means comprises optical filtering means for filtering
non-concentrically converging light from said area of

. concentration.

35

being positioned relative to said input means for passing

such relatively diverging collimated light bundles

toward said fresnel-like reflector and said opening in
said fresnel-like reflector being positioned to pass said

output beam.

45

8. The concentrator of claim 7, wherein said Opemng |

in said fresnel-like reflector of one concentratlng stage

50

and said opening in said parabolic reflector in an adja-

cent concentrating stage are aligned. |
9. The concentrator of claim 8, wherein said input

means comprises collimating lens means for forming

such relatively diverging collimated light bundles, said

collimating lens means being mounted in said opemng

of said parabolic reflector.

55
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- 17. The concentrator of claim 1, wherein said output
means comprises aperture means positioned at said area
of concentration for passing only a portion of the light

‘thereat.

- 18. The concentrator of claim 17, wherein said output

~ means further comprises output collimating lens means
for substantially collimating light passing through said

aperture means.

- 19. The concentrator of claim 17, wherein said aper-
ture means comprises a support, a plurality of light
blocking masks mounted in said support, and a respec-

tive different size aperture in each of said masks, and
- wherein said support is movably positioned selectively

to position respective masks and apertures at said area
of concentration.

20. The concentrator of claim 17, wherein said aper-

" ture means further comprises mask means for blocking

light not passed by said aperture means and reflective
coating means on the input side of said masked means
for reflecting light not passed by said aperture means.
21. The concentrator of claims 1, 8, 9, 13, or 14,
wherein said plural concentrating stages comprises a
first input concentrating stage, a last output concentrat-
ing stage, and zero or any number of intermediate con-

- centrating stages.
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